Introduction {#sec1-1}
============

Total Knee Arthroplasty (TKA) is a surgical procedure used to relieve pain and restore function in patients with severe disease of the knee joint, mainly knee osteoarthritis. In recent years there has been considerable development of Minimally Invasive Surgery techniques (MIS); these techniques for knee arthroplasty, introduced with the aim of reducing the damages to the extensor mechanism, have evolved rapidly over the last few years. MIS preserves the tissues and the biomechanics of the knee joint, leading to better functional outcomes with less postoperative pain, reduced blood loss with lower need of transfusions, an early rehabilitation with a faster functional recovery and a more rapid achieving of functional goals ([@ref1]-[@ref8]). MIS can be obtained modifying the standard approaches, reducing the size of the incision, and of the instruments and improving the components in order to facilitate the implanting technique; to avoid the patella eversion the "mobile window" concept was also introduced as a way to approach the joint ([@ref9]). In particular, in recent years, the mini-trivector approach was introduced to extend the benefits of the MIS techniques also in cases where it was difficult to apply before; in fact, one of the major limitation for the use of MIS in knee arthroplasty is the poor adaptableness in case of major deformity or rigidity of the knee joint and the mini-trivector approach for knee arthroplasties has been used as a valid alternative to classic approaches, permitting to extend the benefits of MIS also to patients that wouldn't be suitable for classic MIS techniques ([@ref3]). MIS knee arthroplasty accelerates and facilitates the rehabilitation of the patient ([@ref8]).

There are evidences of a relationship between the postoperative timing of rehabilitation and the frequency of complications like periprosthetic infections and deep vein thromboses ([@ref10]), making rehabilitation a complementary procedure to surgery ([@ref11]).

Outcomes after TKA surgery are supposed to be related to the intensity and type of post-operative rehabilitation, with bare evidence of this relationship; in particular, rehabilitation protocols with early postoperative ambulation are highly effective ([@ref12]), leading to shorter postoperative hospital stays and lower analgesic intake ([@ref13]) but most studies do not precisely describe rehabilitation protocols ([@ref14],[@ref15]).

Aim of this prospective observational study is to describe our early rehabilitation protocol following TKA in the immediate post-operative period and analyze functional recovery in patients following mini invasive surgery knee arthroplasty, reporting times to reach functional goals (sitting, standing and assisted ambulation) and changes in pain scores.

Patients and methods {#sec1-2}
====================

Our sample consists of 215 total knee arthroplasty patients referred to Orthopedics and Traumatology inpatient ward from July 2012 to January 2014. In all cases, the MIS surgical procedures were performed by the same senior surgeon. Every patient admitted for total knee arthroplasty was included in this study. No other selection or exclusion criteria were employed. All the patients were treated with the same early start rehabilitation protocol. All the patients received a tailored analgesic therapy; in the event that a patient did not respond to the pain therapy, the anesthetist was contacted to re-evaluate the patient. Data on all patients were collected by means of a specifically designed electronic data capture system.

At rehabilitative evaluation, medical history, previous and current disability and diagnosis, comorbidities and postoperative complications during their hospital stay for each patient were recorded.

Each day, physiotherapists recorded treatment, functional outcomes, and pain assessment with NRS scores (graded 0--10 with 10 most pain) after the treatment ([@ref16]).

All the procedures conformed to the standards established by the Declaration of Helsinki and all patients gave their informed consent to the collection and use for research purpose of their clinical data.

Protocol for early rehabilitation after mini-invasiveknee arthroplasty {#sec2-1}
----------------------------------------------------------------------

Following the physiatrist examination, rehabilitation is usually started within 24 hours after surgery.

### After surgery day 0 {#sec3-1}

Patients are fitted with a compression bandage and suction drainage after surgery, and given pharmacological and cryotherapy treatment for pain. Within 24 hours after the operation, the affected knee joints are treated with continuous passive motion by means of the Kinetec® device for 1 hour, with range of motion gradually increased, pain permitting, to =0° - 90°.

### After surgery day 1 {#sec3-2}

The physiotherapist trains the supine patient to carry out active ankle flexion-extension exercises, isometric contraction of the quadriceps with the knee extended and of the gluteus maximus, with repetitions to be carried out independently by the patient, continuous passive motion for an hour, with range of motion gradually increased, pain permitting, to =0° - 90°, active-assisted flexion-extension of the knee, within the limits of pain.

### After surgery day 2 {#sec3-3}

The suction drain is removed and an antithromboembolic stocking fitted. Day 1 treatment is repeated. In addition, the physiotherapist trains the patient to carry out isotonic triple flexion exercises for the operated leg, followed by standing and walking with a wheeled walking frame.

### After surgery day 3 {#sec3-4}

Day 2 treatment is repeated. In addition, the physiotherapist trains the patient to carry out walking with crutches.

### After surgery day 4 {#sec3-5}

Day 3 exercises to improve isotonic strength and stability are repeated and walking rehabilitation continues. In addition, the patient carries out active exercises to improve knee mobility and proprioception, active flexion-extension of the knee, in order to increase range of movement within pain limits, assisted stair climbing with crutches.

### After surgery day 5 {#sec3-6}

Most patients are discharged from the Orthopedic and Traumatology inpatient ward and either transferred to the rehabilitation unit or continue to day hospital rehabilitation.

Patients are advised against walking without aids, especially outdoors and on uneven terrain, until full knee extension is regained, and the strength of the quadriceps and hip muscles reaches at least 4/5 on the medical research council scale (MRCS), in order to guarantee control and stability of the operated leg.

Statistics {#sec1-3}
==========

Categorical variables are expressed as numbers and percentages, while quantitative variables are represented as means and standard deviation. MedCalc 11.2.1 for Windows was used for statistical analysis (MedCalc Software bvba, Ostend, Belgium).

Results {#sec1-4}
=======

The average age at the time of the surgery of our patients was 69.0±10.0 years; 138 (64%) were females. [Table 1](#T1){ref-type="table"} shows mean number of days after surgery to reach functional goals. These data show that the rehabilitative treatment started within 24 hours from evaluation; length of hospital stay in TKA was 4.6±1.8 days, with an associated rehabilitation treatment of 3.3±1.3 days.

The mean time needed to achieve the sitting position was 2.3±0.7 days, the mean time to reach standing position was 2.6±1.0 days. The majority of the patients could walk with aids within four days, with a mean time to reach the walking functional goal of 2.9±1.0 days.

Eleven patients (5% of the total) did not attain the functional goals during their hospital stay because in five cases they were discharged early to be admitted in other rehabilitation facilities, and in the remaining six cases because of medical complications: occurrence of dizziness in two cases, orthostatic hypotension in two cases, need for a blood transfusion in two cases.

In the patients that attained the functional goals, 203 achieved assisted sitting within the fourth day of rehabilitation (94,0%) and 1 of them achieved assisted sitting after the fourth day (0,5%); 195 achieved standing within the fourth day of rehabilitation (90,7 % of TKA patients) and 9 (4,2%) after the fourth day; 190 patients (88,4%) achieved assisted walking with wheeled frames/crutches within four days from the beginning of the rehabilitation program and 14 patients (6,5%) after the fourth day.

[Table 2](#T2){ref-type="table"} shows mean pain scores, recorded after each physiotherapy session. Pain NRS scores remained below 4 in the first and second post-operative day and below 3 from the third post-operative day.

As far as the following discharge from our ward is concerned, 29 (13.5%) prosecuted their rehabilitation route as DH patients, 166 patients (77.2%) were admitted to rehabilitation units, 20 patients (9.3%) were transferred to a Nursing Home.

###### 

Time (mean number of days after surgery) to reach functional goals

  Functional goal   Days between evaluation and treatment   Length of stay   Length of rehabilitation treatment   Days to sitting position   Days to standing position   Days to walking with aids
  ----------------- --------------------------------------- ---------------- ------------------------------------ -------------------------- --------------------------- ---------------------------
  Days              0.1±0.4                                 4.6±1.8          3.3±1.3                              2.3±0.7                    2.6 ± 1.0                   2.9±1.0

###### 

Mean NRS pain scores after physiotherapy

  After surgery day   Patients (n)   Mean NRS pain scores after treatment
  ------------------- -------------- --------------------------------------
  1                   215            3,6±1.5
  2                   215            3,3±1.6
  3                   153            2,8±1.4
  4                   56             2,7±1.2
  5                   33             2,6±1.2
  6                   17             2,8±1.2
  7                   10             2,6±1.3
  8                   9              2,3±0.6
  9                   3              2,5±0.7
  10                  2              2,5±0.7

Discussion and conclusion {#sec1-5}
=========================

Our study demonstrates that our rehabilitative protocol permits to quickly reach functional goals (sitting, standing and assisted ambulation) with a good control of pain. In fact, a rehabilitation project aiming at achieving a functional recovery as soon as possible is considered pivotal for a proper management of patients undergoing total knee arthroplasty.

A Cochrane review reports that an early multidisciplinary rehabilitation can improve outcomes after joint replacement, tough it has to still be studied the optimal intensity, frequency and effects of rehabilitation ([@ref17]). Latest evidences suggest that early rehabilitation can optimize patient management, allowing early discharge from the acute ward and reducing risk of hospital-acquired complications like hospital acquired infections and thromboembolic events. For example, Chen presented a retrospective study on patients that underwent TKA divided into 3 groups based on the timing of their rehabilitation after discharge (within two weeks, after two weeks and without rehabilitation) and found that patients in the within-2-weeks rehabilitation group had lower incidences of prosthetic infection and deep venous thrombosis than the other groups' patients, concluding that timing of rehabilitation may be a factor affecting TKA complications. In the rehabilitative program presented by Chen patients initiate isometric exercise and continuous passive motion from the first post-operative day till the second week, and from the tenth day ambulation with a walker is started; this differs from our protocol in which ambulation is started within the third day ([@ref10]).

Tayrose, instead, showed that rapid mobilization within the same day of the surgery of total joint replacement patients can be accomplished safely and reduces the length of hospital stay from 4.4 days in the standard group to 3.9 days in the rapid rehabilitation group with consequent direct savings due to the reduced utilized hospital resources ([@ref18]).

In literature, several protocols with early ambulation have already been described and showed an high success rate; Nophakun presented a 3 day protocol for early ambulation that starts the same day of the surgery with active mobilization of the operated limb and continues in the first post-operative day with sitting, standing and walking, highly efficient without complications related to early ambulation ([@ref12]). Many other authors encouraged early ambulation, within the day after the surgery ([@ref19]-[@ref22]). Berger et al proposed for TKA patients a protocol with ambulation starting in few hours after surgeryand following discharge on the same day of surgery; however this protocol may lead to an increase in readmission rates ([@ref23],[@ref24]).

In our sample, patients underwent a physiatrist evaluation and then started rehabilitation in the immediate post-operative acute period, within 24 hours from surgical procedure. The mean duration of rehabilitation treatment was 3.3 days. Mean hospital stay data are in line with the data presented by Isaac ([@ref19]) that reported a mean discharge time of 3.6 days in patients undergoing accelerated rehabilitation after total knee replacement, time significantly lower compared to the control group patients that did not follow this accelerated protocol and that showed a mean discharge time of 6.6 days. Previous studies reported that mean hospital length of stay following knee arthroplasty: Oldmeadow ([@ref25]) described a mean length of stay of 6.5 days; Crawford described a mean lenght of hospital stay for patients following primary total knee arthroplasty at a military medical center of 4.3 days ([@ref26]). This result is very important since early discharge is in fact considered pivotal in achieving a faster functional recovery with a faster return to independent living after the surgical procedure ([@ref19]). To the best of our knowledge, the shortest discharge time was reported by Beard that proposed in his paper and early discharge protocol within one day after surgery; however, this protocol was applied only on seven patients undergoing medial unicompartmental replacement with strict exclusion criteria ([@ref27]).

Our patients achieved the possibility to sit at a median time of 2.3 days. The mean time needed for reaching the standing position was 2.6 days. The majority of the patients could walk with aids within four days, since the mean time to reach the walking functional goal was 2.9 .

The high rate of patients re-acquiring possibility to have sitting, ambulation and reaching of erect position is an important result since this permits to the patient to be autonomous in most of the activities of daily life.

Pain was not intense, with NRS scores of 2--4 recorded from the first postoperative day, in line with the results of Tripuraneni that reports and confronts pain scores of patients following TKA that underwent femoral nerve block or local infiltration analgesia ([@ref28]).

Passive and active mobilization were well tolerated, with a good control of pain, with pain NRS scores remaining below 4 in the first and second post-operative day and below 3 from the third post-operative day; this was possible thanks to the analgesic therapy that permitted pharmacological pain control.

Isaac already stated that pain levels in his accelerated rehabilitation group were lower than those in the control standard rehabilitation group; however, in this study, the accelerated rehabilitation protocol involved modifications to normal knee replacement surgical procedure, including infiltration of adrenaline and bupivacaine in the divided tissue layers during surgery, spinal anaesthesia, and mobilization on the same day of surgery. Pain NRS scores in the accelerated group stayed between 1 and 3, pain NRS scores in the standard rehab group ranging from 4 to 6; the pain control is very important in increasing the patient's confidence in their ability to move and probably hastening the rehabilitation process ([@ref19]).

Patients were discharged to Rehabilitation Units, to home to continue their rehab work as DH patients or to Nursing Home depending on individual needs.

The main limitations of our study are the absence of a control group and the lack of follow-up data. In fact, the early post-discharge period after TKA surgery with rapid recovery is generally understudied in literature; Van Hegmond reports, on a 20 patients sample, that patients are mostly satisfied by the rapid recovery program after joint arthroplasty and the short length of hospital stay, but further studies need to be performed to examine which problems the patients encounter during the first weeks after joint arthroplasty surgery with rapid recovery ([@ref29]).

Our study confirms that rehabilitation started as soon as 24 hours after surgery with mini-invasive approach, enables early verticalization of patients and early recovery of walking with a good control of pain.
